Hydranencephaly is a massive hemispheric necrosis occurring in the fetus, with removal of the resultant debris leaving bilateral cystic structures, but usually sparing the basal ganglia, the brainstem, and the cerebellum. 1, 2 The typical ''vascular-like'' distribution of the lesions in hydranencephaly led to the hypothesis of an ischemic etiology, partially confirmed by animal models of carotid ligation reproducing the gross appearance of the disease. Immediately after birth, hydranencephaly may be clinically and radiologically indistinguishable from massive hydrocephalus. The differentiation between the two conditions relies on the morphology of the cerebral arteries. 3 Hydranencephaly is said to be associated with bilateral internal carotid artery (ICA) occlusion, while in hydrocephalus the cerebral arteries distal to the ICA termination are splayed and distorted but present. 3 However, this vascular definition appears too restrictive, in particular if one considers the almost total absence of cortical mantle characteristic of hydranencephaly only as the most extreme form of a continuum of vascular lesions. 1 We report here the case of a newborn baby with a suspicion of hydranencephaly confirmed by CT angiography. The technical aspect of the imaging study is discussed, and the vascular anatomy of hydranencephaly is reviewed.
CASE DESCRIPTION Case History
The patient was an appropriate-for-gestational-age male infant born at 39 weeks to a 19-year-old mother (G3P1102) and unrelated father. Prenatal care was not sought until 32 weeks of gestation. Sonography performed at 36 weeks suggested the absence of cortical mantle, and no brain tissue was seen above the level of the thalamus. There were no known teratogenic or infectious exposures during pregnancy. The mother's two previous pregnancies had resulted in healthy children. The patient was delivered via induced vaginal delivery with Apgar scores of 8 at 1 and 5 minutes. Birth weight was 3168 g (50th percentile), length was 46 cm (50th percentile), and head circumference was 38 cm (>95th percentile). The anterior fontanelle was soft, measured 3 Â 3 cm, and the sutures were split. The eyes were in normal position, with no sundowning. The remainder of the general examination was normal and there were no cutaneous vascular anomalies. The neurologic examination showed a vigorous, alert-appearing infant with mild irritability and a high pitched cry. The baby had a fair suck, normal neonatal reflexes and a mildly decreased tone. The scalp could be transilluminated. A clinical diagnosis of hydranencephaly versus severe congenital hydrocephalus was reached.
CT Angiography Technique
The study was performed in a 16-detectors CT equipment (Toshiba, Aquilion, Japan). The awake child was placed on the CT table and his head gently immobilized with towels. A 24-gauge venous line placed in the dorsal aspect of the left hand was used for contrast injection. A dose of 5 ml of iodinated contrast agent (320 mg I/ml) (Visipaque, Nycomed, Wayne, USA) was injected manually over a 3-second period. The data set was acquired immediately after enhancement of the aortic arch, and post processed on a dedicated computer workstation (Vitrea 2, Vital Images, USA).
Vascular Anatomy
The CT arteriogram showed bilaterally patent internal carotid arteries (ICA) dividing on each side into an anterior cerebral artery (ACA) and a middle cerebral artery (MCA). The proximal portion (A1 segment) of both ACAs had a normal appearance, but then both showed an abrupt interruption, at a level corresponding approximately to the A2-A3 junction on the right side and more proximally on the left. Several cortical branches were arising from the patent portions of the ACAs, and were feeding remnants of the frontal lobe parenchyma (Figure 1a) . The left MCA was hypotrophic but could be followed laterally until it reached a small island of residual brain tissue abutting the skull convexity ( Figure  1b, c) . The right MCA was short and ended blindly. The basilar artery was sinuous but patent, as well as the proximal portion of both posterior cerebral arteries (PCA). On the left side, the PCA was mainly the continuation of a large posterior communicating artery (PComA), with a relatively small precommunicating (P1) segment. On the right side, the posterior communicating was joining the P1 segment of a hypotrophic PCA. The main contribution to the distal PCA branches was provided by a large anterior choroidal artery. Distally, small cortical branches of the left PCA were perfusing a remnant of the medial aspect of the right occipital lobe, while the distal right PCA was feeding a larger residual portion of the right occipital lobe. The brainstem, the anterior aspect of the cerebellum and the medial aspect of both temporal lobes, all territories dependent on the vertebrobasilar and posterior cerebral circulation, were present.
DISCUSSION CT Angiography in a Newborn Child
The potential advantages of CT angiography over MR angiography in the pediatric population have been previously outlined by Alberico et al. 4 These authors mentioned in particular a decreased sensitivity to motion artefacts. This advantage was obvious in our patient, whose motion during the study (the baby cried during the acquisition of the CT angiogram) did not preclude the acquisition of images of diagnostic quality. The other benefit mentioned by Alberico et al. is the brevity of the study. At the time of their communication (1999), the duration of the scan was of 60 seconds, a time reduced to 7 seconds in our patient thanks to the progresses made in multidetector technology. The combination of these factors allowed us to obtain a detailed analysis of our patient's vascular anatomy without the use of sedation or anesthesia support. The fact that CT technology is usually more readily available than MR imaging should also be noted, in particular if one considers its potential application in developing countries.
Administration of iodinated contrast agent to young children may represent a potential risk, in particular, in case of renal dysfunction. Although no sign of renal anomaly was present in our patient, we chose to use iodixanol (Visipaque, Nycomed, Wayne, USA), a nonionic agent that is iso-osmolar to blood and therefore potentially less harmful than conventional hypertonic agents for children with myocardial or renal immaturity. 5 The volume of contrast injected was limited to 5 ml, a volume slightly under the standard dose used in the pediatric population (2 ml/kg).
Vascular Anatomy of Hydranencephaly
While not as precise and detailed as digital subtraction angiography, CT angiography provides a vast amount of information on the cerebral vascular anatomy in a noninvasive way. In our patient, the information provided by CT angiography was unequivocal. The arterial anatomy was well delineated by the first data acquisition, despite head motion. Both distal internal carotid, anterior cerebral and posterior communicating arteries were seen. The latter were, on each side, joining the proximal posterior cerebral arteries. On the right side, however, the main contributor to the posterior cerebral artery territory was an hypertrophied anterior choroidal artery. This is a rare but welldescribed anatomic variant, in which the anterior choroidal artery keeps its fetal cortical distribution. Although most of the cerebral tissue was missing, areas dependent on the vertebrobasilar circulation were spared, including the brainstem, the thalami, the cerebellum, and the medial temporal lobes. A part of the frontal and occipital lobes were spared as well, a finding often reported in hydranencephaly. Unusual in our case was the documentation of a small island of cerebral parenchyma in the middle cranial fossa vascularized by an atrophic remnant of the left MCA.
Although bilateral ICA occlusion is often presented as the angiographic hallmark of hydranencephaly, 3 more nuanced findings have also been reported. Takahashi 6 notes, for example, that ''angiography reveals an absent or attenuated carotid system with stretching of the anterior and middle cerebral arteries''. The occurrence of peripheral islands of residual brain tissue, as observed in the left MCA territory of our patient, has been demonstrated anatomically. Courville remarked that ''small remnants of cortical gray matter may be found in the membranous sac which constitutes the gross lesion''. 1 These atrophic and stretched but detectable intracranial branches contradict the more restrictive notion that ''hydranencephaly will not have such vessels''. 3 The angiographic findings in hydranencephaly can sometimes be close to what is classically observed in hydrocephalus. La Torre and Occhipinti reported three angiographic observations of hydranencephaly (one with postmortem correlation) where both the ACA and MCA were present but stretched ''as in the extreme degree of hydrocephalus''. 7 The distinctive criterion in their series was a lateral displacement of the MCA rather than the upward displacement, characteristic of hydrocephalus. However, if hydranencephaly is viewed as the extreme expression of a continuum of vascular lesions that ranges from ''a selective laminar loss of cortical nerve cells on one hand, to almost total destruction of the brain mass on the other'', 1 a parallel gradation in the degree of associated vascular injuries should not appear surprising.
CONCLUSION
CT angiography only requires a few more minutes than the routine head CT usually obtained in newborns with suspicion of severe intracranial anomaly. This is a significant advantage over MR imaging and angiography, which are long studies requiring immobilized children. CT angiography, which can be performed in awake or lightly sedated children with no or little degradation of image quality, is a fast and safe way to assess the vascular anatomy of newborn babies with significant cerebral anomalies.
It is not unreasonable to predict that, besides its obvious value as a management tool, the routine use of CT angiography in newborn babies with significant cerebral anomalies may allow collecting a large amount of vascular data and reconsidering the etiology and classification of fetal cerebrovascular disorders.
